The striking clinical and pathologic features of hypertrophic cardiomyopathy have been defined almost exclusively in the young. Little is known about this condition in the elderly, although it is assumed to be part of a single disease. Accordingly, we studied 28 patients who were 65 years of age and older (mean age, 72±6.4 years) who were diagnosed as having hypertrophic cardiomyopathy by M-mode, two-dimensional, and Doppler echocardiography and compared them with a group of 28 consecutive patients with this disease who were younger than 40 years of age (mean age, 26±9.5 years). No clinically detectable differences existed between the two groups, except for an increased incidence of mild hypertension in the elderly. Echocardiography in both groups showed hypertrophy with a small left ventricular cavity, and Doppler outflow tract velocity or cardiac catheterization in most patients showed systolic anterior motion of the mitral valve or a systolic outflow tract gradient or both. Significant differences existed between both groups, however, concerning left ventricular size and shape. The elderly group had a predominantly ovoid cavity contour with normal septal curvature. In contrast, in the young group, a markedly abnormal cardiac shape predominated (p<0.0001) with a crescent-shaped left ventricular cavity and a reversed curvature of the interventricular septum. The right ventricular free wall was prominent by echocardiography in the young compared with the elderly group (p<0.001). Apart from a more frequent history of mild hypertension in the elderly, likely related to age, these findings show that hypertrophic cardiomyopathy, when present in the elderly, has similar clinical features to that in the young. However, the elderly had a strikingly different and generally undetected cardiac shape by echocardiography, supporting the notion that hypertrophic cardiomyopathy in the elderly may be a disease distinctively diferent from that which predominates in the young. (Circulation 1989;79:580-589 
tions is to determine whether or not the structural and functional characteristics of the heart in hypertrophic cardiomyopathy in the elderly are similar to those in the young. We therefore studied a consecutive group of elderly patients with hypertrophic cardiomyopathy and compared their clinical and echocardiographic features with those of a consecutive group of patients with the same diagnosis but at the other end of the age spectrum, selected only on the basis of younger age (<40 years). Although hypertrophic cardiomyopathy was similar clinically in the elderly and the young, a significantly different pattern of cardiac shape was identified between these two groups. These different shapes may have implications for investigating the etiology and natural history of this disease and may provide a framework for studying its heterogeneity.
Methods

Patients
We reviewed the records of the echocardiographic laboratory at The Cleveland Clinic Foundation between January 1986 and January 1987 for the diagnosis of hypertrophic cardiomyopathy in the elderly aged 65 years and older, without any primary valvular heart disease. We then identified an equal number of consecutive patients less than 40 years of age with hypertrophic cardiomyopathy. It was necessary to review our records back to 1982 to find an equal number of younger patients that could be compared with the older age group. For the two selected groups, the only criterion for subsequent exclusion was a poor quality echocardiogram. All of the young patients over the age of 10 years had septal wall thickness 215 mm. Two young patients, aged 9 and 10, had septal wall thicknesses of 13 mm, which is significantly increased for body surface area. In contrast to the elderly, a proximal septal bulge and mitral anular calcification were not observed in any of the young. Reversed septal curvature, with a distinctive crescent shape of the left ventricular cavity, was prominent in the young and was present in 21 (75%) (Figures 4 and 5 ).
Normal septal curvature and the more normal ovoid ventricular cavity were present in seven (25%) patients. A prominent right ventricular free wall occurred in 18 (72%) of the 25 patients in which the right ventricular wall could be satisfactorily visualized. These shape differences between elderly and young were highly significant (p<0.0001).
In five patients, color Doppler flow mapping studies were available to assess the site of outflow obstruction. In the two elderly patients, the color flow acceleration was at the proximal septal bulge. In the three young patients, in whom there was systolic anterior motion, the point of contact between the mitral valve and the septum in systole was the origin of color flow acceleration. A sufficient number of patients with color flow studies was not obtained, however, to conclude whether or not the sites of obstruction or ventricular flow patterns differ between the two groups of patients.
In brief, the overall shape of the heart in hypertrophic cardiomyopathy, as assessed by twodimensional echocardiography, was strikingly different between the young and the elderly. In the young, who had significantly thicker hearts, a reversal of septal curvature with a prominent right ventricular free wall predominated, whereas in the elderly, a more ovoid ventricular shape and proximal septal bulge occurred, regardless of the presence or absence of hypertension ( Figure 6 ). Discussion
Hypertrophic cardiomyopathy is a disease that afflicts the elderly. The identification of 28 elderly patients with hypertrophic cardiomyopathy during a 1-year period at a single institution indicates that the condition is not a rare occurrence. Moreover, in our referral patient population, hypertrophic cardiomyopathy was present approximately twice as often in the elderly as in the young, supporting the notion that the elderly may be a large and neglected subset of patients with this disease. Whether or not the disease takes the same form in the elderly, has the same genetic basis, carries the same prognosis, or N`: has the same pathophysiology, however, is by no means clear.
In this study, our aim was to determine whether or not hypertrophic cardiomyopathy in the elderly is the same disease that is commonly described in the young. That is, is it the disease that Teare16 described in young patients who died suddenly and who had a severely hypertrophied interventricular septum, which was generally characterized by asymmetry of the left ventricle, a resting or provocable obstruction to left ventricular outflow, and transmitted as an inherited disease'7-9 or is it a distinctly different disease? These questions are important to our understanding of hypertrophic cardiomyopathy and bear on the issue of whether or not hypertrophic cardiomyopathy is a heterogeneous spectrum of disease or a single disease.2 22 Our approach was to compare the group of elderly patients having hypertrophic cardiomyopathy with a group of patients diagnosed as having the disease by the same criteria but in the more typical age range of less than 40 years. The two age groups were similar concerning clinical presentations of chest pain, dyspnea, palpitations, and cardiac murmurs and in measures of left ventricular asymmetry and outflow tract gradient.
There were three marginally significant clinical differences between the groups: a greater predominance of males with the disease in the young and more atrial fibrillation and hypertension in the elderly. When we compared patients with and without hypertension, no differences occurred in clinical or echocardiographic findings. Also, the prevalence of hypertension, which was mild and controlled in most patients, mirrored the prevalence of blood pressure elevation in the public at large by age.73
The most striking and significant differences between the young and elderly were in the gross structural features of the ventricles as assessed by echocardiographic determination of cardiac size and shape.
Echocardiographic Distinctions in the Elderly and Young
Echocardiographic findings of asymmetric hypertrophy of the interventricular septum and of systolic anterior motion of the mitral valve were similar in the young and elderly groups. Both groups also had a similar prevalence and severity of an outflow tract gradient, although the younger group had more severe hypertrophy as determined by free wall and interventricular septal measurements. Of importance, analysis of the hearts by two-dimensional echocardiography showed significant differences in cardiac shape between the two groups, differences that seem to have gone largely unrecognized.
The young group had marked abnormalities in ventricular cavity contours, which is consistent with several clinical studies of the heart in hypertrophic cardiomyopathy. The septum, more hypertrophied in the young group, had a markedly abnormal shape with a reversal of septal curvature in most patients. The reversal of septal curvature (Figures 4 and 5) was associated with a crescentshaped, rather than an ovoid, left ventricular cav-ity, which was only detectable by two-dimensional echocardiograms. The septum was also diffusely thickened relative to the free wall and had the more typical shape of asymmetric septal hypertrophy reported at autopsy by Tearel6 and others. 171824 Although septal asymmetry and microscopic structures have been the subject and emphasis of most studies,7 some reports have described abnormal septal shape in hypertrophic cardiomyopathy. Roberts and Ferrans25 described a slitlike cavity with Sshaped configuration. Hutchins and Bulkley,24 in a detailed autopsy study of the shape of the interventricular septum, described a reversal of normal septal curvature in patients with hypertrophic cardiomyopathy of the morphologic type reported by Teare.'6 That study also described a more globular configuration of the right ventricular cavity in these cardiomyopathic hearts. The reversal of septal curvature was not present in normal and other types of diseased hearts, including those with isolated left ventricular hypertrophy.
The reversal of septal curvature probably reflects a thickened and bizarrely shaped septum, which has a concave contour to the left rather than the normal convex curvature. The crescent-shaped cavity reflects the abnormal septal configuration but not asymmetric septal hypertrophy per se. This abnormality of curvature is not detected by M-mode echocardiography and can be seen only in the apical four-chamber view by two-dimensional echocardiography. Prior methodologic limitations may have led to an emphasis on a one-dimensional septal measurement rather than two-dimensional left ventricular cavity contour.
Abnormalities of the right ventricle were also present in the young group and were not frequent in the elderly. In most of the young hearts, the right ventricular cavity had a more ovoid contour rather than the normal crescent shape (Figures 4 and 5 ). This change also was likely due to abnormal septal curvature, with the left ventricle taking on a shape more like the normal crescentic right ventricle and with the right ventricle taking on a more ovoid shape like the normal left ventricular cavity ( Figure  5 ). In addition to differences in cavity contour, the right ventricle was prominent by echocardiography in most of the young patients but rarely in the elderly. (Figure 1 ). Over half of the elderly hearts showed a proximal septal bulge (Figures 2 and 3) Kitzman et al311 in an autopsy series showed that in the 7th through 10th decades of life in presumably normal people a significant increase occurs in septal thickness,7 with the ratio of septal to free wall thickness often exceeding 1.3. Goor et a129 have described the development of a "sigmoid septum" in elderly patients. In an autopsy study, these investigators showed a progressive change in the shape of the heart with aging, characterized by a rightward shift in the aorta with respect to the ventricular septum, and the development of a subaortic bulge in the septum. Using paraffin casts at autopsy, they showed that, in some, the bulging of the proximal septum and the rightward angulation of the aorta narrowed the left ventricular outflow tract. They also found a focal fibrous plaque on the ventricular septum similar to that in hypertrophic cardiomyopathy, which is an anatomic marker of systolic anterior motion of the mitral valve and of an outflow tract obstruction that could only be inferred by an autopsy study. Thus, the development of a proximal bulge-which we identified in half of our elderly patients and in none of the young may be a shape change acquired with advancing age. Moreover, most of our patients with a bulge similar to that described by Goor et a129 had an outflow tract gradient, and color Doppler flow mapping studies in two of these patients identified the flow acceleration at the site of the proximal bulge. Others have also described a proximal bulge by two-dimensional echocardiography3' and have shown specifically that the unusual septal configuration can be associated with left ventricular outflow tract gradient.22,32,33 Recently, lida et aD32 showed provocable obstruction at the time of cardiac catheterization in a 67-year-old man who had a sigmoid septum by two-dimensional echocardiography. Dalldorf and Willis22 also showed noninvasively the presence of left ventricular outflow tract obstruction in patients who had a sigmoid septum at autopsy, concluding that these patients had a distinctly different form of hypertrophic cardiomyopathy than generally recognized. If advancing age can cause this alteration in ventricular shape, characterized by a proximal bulge in the interventricular septum, and if the latter causes a subvalvular gradient, then patients may develop the clinical stigmata of hypertrophic cardiomyopathy only when they are elderly.
Hypertrophic Cardiomyopathy: A Heterogeneous Disease Spectrum
Our findings show that at either end of the age spectrum, distinctly different forms of hypertrophic cardiomyopathy predominate, which suggests that different disease processes may be involved. Hypertrophic cardiomyopathy in the young as described by Teare16 and subsequently by others24 is associated with marked abnormalities of the septum, including reversal of septal curvature. We observed this septal shape abnormality in most of our young patients. In contrast, however, hypertrophic disease in our elderly patients was usually localized to the left ventricle, and normal myocardial shape was generally preserved, except for the frequently present exaggerated proximal septal bulge. In these elderly patients, acquired factors, such as shrinking of the heart, angulation of the aorta and septum, diminished vascular compliance, and mild systemic hypertension, which are all associated with aging, although not exclusively, may serve as stimuli to hypertrophy. This latter type of hypertrophic car-diomyopathy seen in most of our elderly patients and described in similar forms by others22,34,35 closely resembles the disease originally described by Brock. 1 Indeed, in Brock's earliest report of hypertrophic cardiomyopathy, he described a subvalvular muscular subaortic "functional" obstruction localized at the left ventricle, occurring in a 63-year-old woman with a history of hypertension. The left ventricular hypertrophy was concentric, and in Brock's estimation, systemic hypertension was probably a contributing factor. The alternative hypothesis that one disease process is present that is in a milder form in those who live to an advanced age has not been excluded, however, and resolution will require further insight into the molecular mechanisms underlying both forms of the disorder.
In summary, our findings show that there are distinct differences in the hypertrophic cardiomyopathy predominating in the elderly compared with that in young patients. Although clinical features may be similar, the disease states seem heterogeneous based upon cardiac shape. Just as all aortic stenosis is not due to a congenitally malformed bicuspid valve, all hypertrophic cardiomyopathy may not be "Teare's disease." Such distinctions can offer a framework for further needed studies of etiology, prognosis, treatment, and particularly the molecular and genetic bases of these disorders.
